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I. Research Program

All of the research problems studied exploited the

matrix Isolation method as developed at the University of

California laboratories. In this method, substances are

suspended in solid nitrogen or an inert gas and then studied

spectroscopically. The Berkeley laboratory developed this

technique with emphasis on the Infrared spectral region.

At the time of the Initiation of this Air Force support#

the matrix isolation technique was practically new. The

development of the unique potentialities of the method was

significantly aided and accelerated by this financial aid.

The work has been fruitful and a new research method has

been demonstrated for the detection and study of transient

species. Of course# the current Importance of the spectro-

scopic study of high temperature reactions makes this work

timely and useful.

Specific novel applications of the method are listed.

First Infrared Detection of Reactive Species

The detection of HCO is the first definite infrared

Identification of any triatomic free radical, except for NO2,

by any technique.

Pormyl radicals HCO: definite (see publication No. 6).

Nitroxyl, HNO : definite (see publication No. 13).

NH2 or N2H2  : identification still doubtful
(see publications No. 10# 17).

CH2  : Identification still doubtful
(see publications No. 5, 12).
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iso-diasomethane t identification still doubtful
(see publications No. 50 12).

N3  i Idenlfloation still doubtful
%aeo publioation No. 1).

Cheastriy of Reactive ftecies

The matrix method gives a unique opportunity to study

the reaotions of free radloals under conditions where *soon-

dary reactions are interrupted.

Hydrogen abstraction by C 5 a (see publioation No. 2)

Reaction of NH with 02 1 (see publications No. 3s 15)

Isomerization of nitrous aoild (see publication No. 3)

Chemiluminesoence of C.H 4

formed from CH2  1 (see publication No. 4).

Primary Act of Photolysis

Because of the inert environments the primary act of

photolysim can be learned In the condensed phases. This Is

always the crucial reaction in the elucidation of photolysis.

Methyl Iodide and the cage effeot:(see publication Uo. 2)

Nitromethane i (see publications No. 11 13)

Methyl nitrite a (see publication No. 13).

Hydroen Dondin&

Narrowing of bands of hydrogen bonded polymers gives

this method power to segregate the infrared spectra of polymsrs

of different size. No other method permits this.

Water i (see publication No. 16)

Methanol i (see publioation No. 18)

Nydrazolo aid a (see publication Mo. 10).
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ForMyl Radical. HCO

The detection of CO by Infrared methods has an historic

significance. Because of the low absorption coefficients U

the infraredo the only two or three diatomic free radicals

had been detected earlier (in flames). These were detected mainly

because electronic spectrosoopy made possible accurate pre-

dictions or the absorption frequencies. Diligent search In

this laboratory and others for evidence of NH2 in flames was

Indecisive. The matrix Isolation method was developed In

this laboratory to meet the need for a new approach.

Formyl was produced by photolyzing hydrogen iodides H1#

In solid CO. The Identification was verified by detection of

both Infrared and visible absorption of ICO (see publication

No. 6).

Diazomethanes CH N i A search for CH2

On photolymles diazomethane deoomposes to form CH. and

the stable N2 molecule. It seems to offer a unique opportun-

ity to form CH2 under conditions that will permit storage

and leisurely spectroscopic study of this Interesting molecule.

Diagomethane was suspended in U2 and in Ar and photolyzed

In situ at 20*1. The products were shown to be distinguishable

from the stable products obtained from photolyuis of the pue

materialp either gas or solid. Ldfared and visible ultraviolet

spectra features were detected which could be asigned to

unidentified, presumably unusual molecular species. A thermo-

lumi escent bea,,.r was observed for the first time. $peoies

which could contribute to the spectra Include methylenes CH2D

and an som fom of di~amethane., he thermoalominesme



was assigned to excited CN14 formed on diffuslon (see publica-

tionsp No. 4, 5. and 12).

Nilroxyl, HNO

Both nitromethano and methyl nitrite were photolyzod

In solid argon at 206K. For the first tlme methyl nitrite

wae Identified as a photolysis product of nitromethanes both

In the matrix and in the Sas. NitWroxyl HMO was detected

in the infrarodand identified for the first time (aee

publicationsp Non. 11 and 13).

&vdrazolo aold,&

Photolysis of M13 In expected to produce NRv yet It has

never been observed directly. In solid nitrogen# absorptions

develop but they az murely not caused by N. Evidence i s

considerable that the photolysis produces either NH2 or N.2H2

though which Is not yet clear. Neither speoles has been

definitely Identified In the infrared region (see publications#

Nos. 10 and IT).

In addition# theme experiments and others led to a

tentative Infrared Identification of 113. Subsequent work has

not provided confirmation of the assignments though It is

generally postulated that a nitrogen atom susped ed In solid

nitrogen forms some sort of a ooielex 1.Na (soo publication.

No. 19).

Nitrous Aoda HOLO

The photolysis of hydrasol acid# Sho In solid nitrogen

oontainis a sll smomt of oxqgen produe nitMoaS &old*

pt
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HM010 In both A& and & forms. We me the fIrst roport
of thisl reaction of the radical MRH

M +0 2 , aHOM;O

Zt was discovered that near Infrared Irradiation of the argan

suspension or HCoO results In a conversion of 3Lg-HONO into

trana-HONO. The reaction can be reversed by ultraviolet

Izradiation. This was the first report of an Infrared-inducaed

Isomeriration. This novel reaction Is still under study

(see publications. Nos 3 a3nd 15).

Rvyrosen abstraction by methyl radicals

The photolyals of CH3I in solid nitrogen provides a

source of methyl radicals with known energy and controlled

environment. Various substances have been Included In the

matrix and quantitative study of the reactions that occur has

been carried out. The chemistry of the methyl r6dioals shows

that they reaft as do methyl radicals at 2000K. The effect

of the matrix sge Is exumine4 (see pAblications. No. 2).

II. terponnel

In addItion to two faculty personnel* the project has

involved the research activities of two post-dootoral students.

nine gaduate students# and one underpWate student. The

thesis titles of the graduate studentsuwo partlclpated ae

listed.
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FouIltZ 2rsonnel

Dr. eorge C. Pimentel Profess'or

Dr. Bruoe H. ahan* Assoolate Protesor

host-dootoral personnel

Dr. Sydney Leach NO

Dr. Warren Thompson anIV' en 7
Grd uate student personnel and restn oooutat ion

John D. Baldesohwielers Instructorp Harvard University.

C. David Bass* Atomioslnterrationals Canoga Parks Calif.

George 1. Ewings Jet ?ropwlsion Laboratorys lasadona*

Calif.

Harmon W. Brown, Varian Instrments Co. * Palo Alto, Calif.

Theodore D. Goldfarb, Assistant Professor, Now York ftate

University# Oyster Bay# New York.

Ivan Haller# IB4 Poughkeepuie# New York.

James Hanlanp graduate study not completed.

Dolphus Z. L lliganp Research Soentint. Nsllon Institute#

Pittsburths Pa.

Mathias Van Thiel, Univer y of Califrnia. Rdltin

Laboratoryo Livemores Calif.

Wderygduate student nersonnel

Gerry Rollefson

Thesis titles

John D. Baldesohweler (1959) WThe StrAOtues of Unstable

C.o by N. M)trIX solation T6chn* 5 ..

as DAvi uass (1951) arnotolytia froesses in somed.'
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Hamon W. Brown (1958) 8A Study of iotoly is at hxtmely

Low Temperatures.'

Oeorge 3. Ewing (1961) 'Speotrosooplo Studles of 8ubstaoes

at Low epratures. a

Theo4ore D. Ooldfarb (1959) "Speotrosoopio studies of

Diazomethane and its Unstable PhotolytLo Products.'

Ivan Haller (1961) "Matrix Isolation Studies Using Far

Ultraviolet Photolysis and the Struoture of Some

Unstable Nblecules.s

Dolphus 1. illigan (1958) Speotrosoopia Studies of

Reatlon Intermediates at Ixtramely low Tm etur.

N1thtas Van Tiel (1957) NItrx Isolatlon Studies of

Restive )ieomles.



Puablications : 1956-1961

T. The Infrared Spectrum of Solid Carbon 0242 1 Feb.
Mnoxide,' by 0. Z. Ewing and 0. C 954 30o4 1961
Pimentel, J. Chem. Phiys. (in press)

2. "Hydrogen Abstraction from H.ydrooarbora Net=7et 31 Mr.
by Mothyl Radicals from the PhotolYis a 1963L
of Methyl Iodide In Solid Nitrogenja b 4FOS 1045 1
C . P Bassid. C6 Pimentel, J. Am. 9hm. , P 7 4 ,p7
Soo. (in so,...

. 'Light-Induoed ci- t Isomerization O/60..1018 31 Aug.
Nitrous Acid Fo-me N'MPhotolysis of' q 2 4-6 1960
i'Hydrazoic Acid and Oxygen in Solid
Nitrogen," by J. D. Baldeachwieler &W
0. C. Pimentel, J. Chem. Phys. 33a
1008-1015 (1960).

* 'The Chemiluminesoence of Ethylene 60-182. 10 Feb.
Formed Probably from Methylene in an 1960
Inert atrix, by T. D. Goldfarb and A 3 31
0. C. Pimentel, J. Chem. Phys. 33,
105-100 (1960).

"Spectroscopio Study of the Photoly is of. 0<"'
Diazomethane in Solid Nitrogen,' by e i9-991 25 Sept.
T. D. Ooldfarb and 0. C. Pimentel, J. AP /40-6"  1959
Am. Chem. Soo. 82, 1865-1868 (1960).

'Infrared Detection of the Formyl A9-1197 1 Nov.
Radical, HCO,' by 0. E. Ewing* W. 1959
Thompson, and 0. C. Pimentel, J. Chlt. 195,570
Phys. 32, 927-932 (1960)8 see also
Erratu-7 JT. Chem. Phys. 34, 1067
(1961).,r4."

"The Photolysis of Carbon Monoxide,' j'60-4T2 9 m4y
by B. H. Mahan, . Chem. Whs. 3 1960
959-965 (1960).

V-C** 'The Perturbation of Mleoular 90P1Bt
Distribution Funtions by Chmioal p9
Reaction, by . MIhan, . GIM.
es.32a 362 iOSo).

bk
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Chapter IVi Radical Formation and None
Trapping in the Solid Phase* by 0.
C. Pimontol In *Formation and Trap-
ping of Free Radicals," Edited by
H. lBroida and A. M. Base, Academia
Press, Ilno. New York (1959).

"1atrix Isolation Studies, infrared 59-223 25 Feb.
Spectra of Intermediate Speoies I Iugo 6 1959
in the Photolysis of Hydrazolo Aoids
IIs" by M. Van Thiel and 0. C.
Pimentels J. Chem. lhys. 32, 133-

4 (1980).

v11. *Formation of Methyl Nitrite In the * 59-266 28 Feb.
Photolysis of Gaseous Nitromethanest 1959
by 0. C. Pimentel and 0. Rollefoon.

05.."

Wf2. 'Matrix Isolation Studiesi Ponsible 58-818 10 Sept.
Infrared Spectra of Isomerio Forms 3 1958
of Diazomethane and of Methylene, A o
CHI", by D. E. Milligan d 0. C.
PY~enilel, .7. Chem. Pliys. 29, 1406-
1412 (1958)do

vPhotolysis of Nitromethane and of #Od58-429 10
Hethyl Nitrite in an Argon HatriuMlS 1/"o
Infrared Doteotion of Nitroxyl,
INO" by H. W. Brown and G. C.
Pimontel, J. Chem. Phys. 29, 883-
888 (1958). M-

14 "The Promise and Problem of the -

Matrix Isolation Method for Speo- 4q'F5-'1 3o Y
troscopic Studies,' by 0. C.
Pimentel, Speotroohimloa Acta 12,
94-96 (1958).

-1J. "Roaction Kinetics by the Mtrlx 5-T328IX 15 June
Isolation othods Diffusion in 3 2 0/ 195?
Argonj Il.-t no Isomerization of
Nitrousoid" byG. C. Pime tels
J7. Am. Chem. So, 80, 624 (1958).

d~dW
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g Znft-zd Studies of Hydrogen Bonding 57-328 X" 15 jum
of Water bj the Matrix Isolation 4P InT
Teohniquo by M. Van Thiel# E. D.
Beckers and 0. C. Pimontelp J. Chem.
Piys. 27, 488-90 (1957).

o 17. 'atrix Isolation Studiesa Infrared
Spectra of Intermediate Species in
the Photolysis of lydrazolo Aoid,'
ty E. D. Booker# 0. C. Pimentel, and

. V Thiel# J. Chem. Phys. 26p 145-50 (1957). "

o 18. *Infrared Studies of Hydrogen Bonding
of Methanol by the Matrix Isolation
Techniques," by N. Van Thiel, Z. D.
Dckerj and 0. C Pimentels 3. Chel.
Phys. 27, 95-99 1957).

19. Onfrared Absorption by the N
Radical** by D, . Millisan,5 L W.

'o.oWA and 0. C. Pt nbep J. Chem#
Phys. .100 (96

108


